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Purpose: Reliable antigen detection in tuberculosis (TB) immunoassays requires antibodies with high specificity and minimal
background interference. Chicken egg yolk immunoglobulin Y (IgY) is a scalable and cost-effective antibody source; however,
crude yolk extracts often show reduced specificity due to non-target proteins. Although antigen 85B (Ag85B) is a well-established
Mycobacterium tuberculosis antigen, the generation and purification of Ag85B-specific IgY from egg yolk have not yet been reported.
This study established a purification workflow to obtain high-purity Ag85B-specific IgY from chicken egg yolk.

Methods: Chickens were immunized with recombinant Ag85B, and antibody development was monitored using agar gel precipitation
tests (AGPT) with serum collected before and after immunization. Dot blot analysis verified the transfer of anti-Ag85B antibodies
from serum to egg yolk prior to IgY extraction. IgY was extracted using either stepwise polyethylene glycol (PEG) precipitation or
a NaCl-based water-dilution method, followed by hydrophobic interaction chromatography and centrifugal ultrafiltration.

Results: SDS-PAGE demonstrated progressive IgY enrichment and contaminant removal, with PEG extraction yielding higher purity
than NaCl-based extraction. Western blot analysis confirmed a distinct immunoreactive band for Ag85B-His with no cross-reactivity
against the non-target M. tuberculosis antigen MPT64. Furthermore, a prototype membrane-based strip assay using purified IgY
produced clear signals in both the test and control zones when tested with Ag85B (10 pg/mL), indicating retained antigen-recognition
capability in a preliminary membrane-based proof-of-concept format.

Conclusion: These findings demonstrate that systematic purification improves IgY specificity and supports the preliminary devel-
opment of membrane-based proof-of-concept immunodetection systems using Ag85B-specific IgY.
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Introduction
Tuberculosis (TB) remains one of the most significant global infectious diseases, continuing to cause substantial
morbidity and mortality worldwide.! The persistent burden of TB highlights the urgent need for reliable and accessible
diagnostic tools, particularly immunodiagnostic assays capable of detecting specific mycobacterial antigens with high
sensitivity and specificity. In such assays, antibodies serve as the fundamental molecular recognition elements, where
binding specificity and signal clarity determine the reliability of antigen detection.

In avian species, this immunological function is primarily performed by immunoglobulin Y (IgY), the functional
equivalent of mammalian IgG. IgY is naturally deposited in egg yolk and can be collected in large quantities through non-
invasive egg harvesting, making it an attractive antibody source for diagnostic applications. Importantly, IgY possesses several
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immunochemical advantages over mammalian IgG. Unlike IgG, IgY does not interact with mammalian Fc receptors, activate
the complement system, or cross-react with rheumatoid factors and human anti-mouse antibodies (HAMA). These character-
istics significantly reduce background interference in mammalian immunoassays and improve the signal-to-noise ratio in
antigen detection systems.”

The diagnostic and therapeutic potential of IgY has been demonstrated in multiple applications, including the detection of
avian pathogens, SARS-CoV-2, and Ebola virus, as well as in passive immunotherapy against bacterial pathogens such as
Pseudomonas aeruginosa and Streptococcus mutans.””’ Despite these advantages, the use of IgY targeting tuberculosis-
related antigens remains relatively underexplored. Among the known mycobacterial antigens, antigen 85B (Ag85B) is one of
the most prominent secretory proteins of Mycobacterium tuberculosis and has been widely investigated as a biomarker for
immunological detection. However, the production and purification of Ag85B-specific IgY have not yet been reported. To our
knowledge, no previous study has described the generation and purification of IgY antibodies specifically targeting the Ag85B
antigen of M. tuberculosis. Moreover, the combined use of stepwise polyethylene glycol (PEG) precipitation and hydrophobic
interaction chromatography (HIC) as a purification strategy to obtain highly specific anti-Ag85B IgY for immunodiagnostic
applications has not been explored.

One of the main challenges in IgY production lies in the purification process. Egg yolk contains a complex mixture of
lipids, lipoproteins, and non-target proteins that can interfere with downstream immunoassays. Conventional extraction
techniques, such as polyethylene glycol (PEG) precipitation, are commonly used to isolate IgY but may still co-
precipitate lipid-associated contaminants, reducing antibody purity and analytical performance.®® Therefore, improved
purification strategies are required to obtain highly specific IgY suitable for diagnostic applications.

Several strategies have been reported for IgY extraction and purification from egg yolk, including water dilution and
sodium chloride precipitation, polyethylene glycol (PEG) precipitation, ammonium sulfate precipitation, thiophilic
adsorption chromatography, affinity chromatography, and hydrophobic interaction chromatography (HIC).>*'° Each
method presents distinct advantages and limitations in terms of protein recovery, lipid removal efficiency, operational
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complexity, cost, and preservation of antibody activity. PEG precipitation is widely recognized for its simplicity,
scalability, and effectiveness in reducing lipid-associated contaminants in egg yolk, whereas chromatographic approaches
such as thiophilic adsorption chromatography and HIC offer improved purification selectivity under relatively mild
conditions.>®'? In the present study, PEG precipitation coupled with HIC was selected to establish a practical purification
workflow capable of improving IgY purity while maintaining antigen-recognition capability.

In this study, we developed a purification workflow for producing Ag85B-specific IgY from chicken egg yolk by
combining stepwise PEG precipitation with HIC. The resulting antibody was subsequently characterized to assess its
purity, specificity, and antigen-recognition capability. By establishing an optimized purification strategy for anti-Ag85B
IgY, this work provides a foundation for the future development of IgY-based membrane immunoassays and preliminary
tuberculosis antigen-detection systems. This study primarily focuses on the production, purification, and characterization
of Ag85B-specific IgY and its proof-of-concept applicability in a membrane-based detection format.

Materials and Methods
Apparatus

The following equipment was employed in this study: 1 mL and 3 mL syringes (Terumo, Japan), vacutainer tubes
(Becton Dickinson, USA), mini centrifuge (DLAB, China), Eppendorf tubes, a 3-way stopcock (Denex International,
India), a desiccator, and AKTA pure chromatography system (Cytiva, Sweden). Analytical measurements were per-
formed using a pH meter (Mettler Toledo, Switzerland), a vortex mixer (Thermo Fisher Scientific, USA), and a UV-Vis
spectrophotometer (NanoDrop; Thermo Fisher Scientific, USA). Multiskan Skyhigh microplate spectrophotometer
(Thermo Fisher Scientific, USA), Dialysis was conducted using specified dialysis membranes (14 kDa MWCO).

Chicken Immunization and Egg Collection

All animal procedures were conducted in accordance with protocols approved by the Animal Ethics Committee of Padjadjaran
University, Bandung, Indonesia (Approval No. 835/UN6KEP/EC/2024) and followed institutional guidelines for the care and
and followed the Guide for the Care and Use of Laboratory Animals as well as the ARRIVE guidelines for animal research
reporting. Two 17-week-old Gallus gallus domesticus chickens were immunized intramuscularly in the pectoral muscle. The
primary immunization consisted of a total volume of 600 pL, comprising 300 uL of recombinant Ag85B-His (100 pg/mL; 30 ug
total protein) emulsified with 300 uL of incomplete Freund’s adjuvant (IFA) at a 1:1 (v/v) ratio, as previously described."
Following the primary immunization, booster injections using the same antigen-adjuvant formulation were administered at two-
week intervals throughout the antibody production period to maintain antigen exposure and support sustained IgY generation in
egg yolk. The chickens were monitored daily for general health condition, feeding behavior, and signs of local inflammation or
distress throughout the study period in accordance with the approved animal ethics protocol. No severe adverse effects were
observed during the immunization course. Blood samples were collected from the wing vein before immunization and after
booster injection to monitor the development of anti-Ag85B antibodies. Eggs were collected separately during each two-week
interval following booster immunization, yielding approximately 10—12 eggs per collection period. The collected eggs were
processed individually for IgY extraction, with an average yolk volume of 14 mL per extraction. Egg yolks obtained from each
booster period were analyzed independently to monitor the progression of anti-Ag85B IgY accumulation throughout the
immunization schedule.

Agar Gel Precipitation Test (AGPT)

To monitor the development of anti-Ag85B antibodies during the immunization stage, an Agar Gel Precipitation Test (AGPT)
was performed using serum samples collected before immunization and after booster administration. This assay was used as
a qualitative method to confirm the formation of antigen-specific antibodies prior to IgY extraction from egg yolks.

Sterile 1% (w/v) agarose prepared in 1x PBS was poured onto glass plates to a uniform thickness of approximately
3—4 mm. Wells of 3 mm diameter were arranged in a circular pattern. Recombinant Ag85B-His antigen was loaded into
the central well, while serum samples collected at different immunization stages were placed in the surrounding wells to
allow radial diffusion. The plates were incubated in a humidified chamber at 37 °C for 24—48 hours. The presence and
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clarity of precipitin lines were visually examined to confirm antigen-antibody interaction between Ag85B and the
antibodies generated in immunized chickens.'?

lgY Extraction via Stepwise PEG Precipitation

IgY was extracted from egg yolks of immunized Gallus gallus domesticus using a stepwise polyethylene glycol (PEG 6000)
precipitation method adapted from Lan et al.’ Briefly, egg yolks were separated from the albumen, filtered to remove residual
egg white, and diluted 1:2 (v/v) with phosphate-buffered saline (PBS, pH 7.4). The mixture was homogenized, treated with
3.5% (w/v) PEG 6000, gently mixed for 10 minutes, and then centrifuged at 10,000 rpm for 20 minutes at 4 °C to remove lipids
and insoluble components. The resulting supernatant was collected, adjusted to 8.5% (w/v) PEG 6000, and then centrifuged
under the same conditions to precipitate contaminating proteins.

The pellet obtained from this step was resuspended in PBS and further treated with PEG 6000 to a final concentration
of 12% (w/v) to precipitate IgY selectively. After centrifugation, the final pellet containing the enriched IgY fraction was
dissolved in 800 pL of PBS. The dissolved IgY fraction was dialyzed overnight at 4 °C against 0.1% saline using a 14
kDa molecular weight cut-off (MWCO) dialysis membrane, followed by an additional 3-hour dialysis in PBS to remove
residual PEG and salts. The enriched IgY preparation was stored at —20 °C until further analysis."?

lgY Extraction via NaCl Method

IgY was extracted using the NaCl method to compare its purification efficiency with that of the stepwise PEG
precipitation approach. The procedure was adapted from the water dilution (WD) method with minor modifications.
Briefly, egg yolk was separated from the albumen and diluted with distilled water at a 1:9 (v/v) ratio. The mixture was
homogenized, and the pH was adjusted to 5.0 using 0.5 N HCI to facilitate lipid precipitation. The suspension was
incubated at 4 °C for 6 hours, then centrifuged at 10,000 rpm for 20 minutes at 4 °C.

The resulting supernatant, referred to as the water-soluble fraction (WSF), was collected. To further remove contaminating
proteins, the pH of the WSF was adjusted to 4.0, and the mixture was stirred for 30 minutes. The pH was then readjusted to 7.0,
followed by the addition of NaCl crystals to a final concentration of 8.8% (w/v) to precipitate IgY. The resulting precipitate
was collected by centrifugation and resuspended in PBS (pH 7.4). The resuspended IgY fraction was then dialyzed against
PBS at 4 °C using a 14 kDa molecular weight cut-off (MWCO) dialysis membrane to remove residual salts. The dialyzed
preparation was subsequently used for protein quantification and SDS-PAGE analysis.

Dot Blot Immunoassay

The dot blot assay was performed to verify whether anti-Ag85B antibodies generated in chicken serum following
immunization were successfully transferred into egg yolk—derived IgY before purification. Recombinant Ag85B-His
antigen was spotted onto a nitrocellulose membrane and allowed to air-dry at room temperature. The membrane was
blocked with Tris-buffered saline (TBS, pH 7.4) containing 5% (w/v) skim milk and 0.5% (v/v) Tween-20 for 30 minutes
at room temperature under gentle agitation to minimize non-specific binding. After blocking, the membrane was
incubated overnight at 4 °C with primary antibody preparations consisting of post-immunization chicken serum and
egg yolk extract diluted 1:1000.

Following incubation, the membrane was washed three times with TBS containing 0.1% Tween-20 (TBST) and incubated
with alkaline phosphatase-conjugated rabbit anti-chicken IgY (H+L) secondary antibody (1:1000) for 2 hours at room
temperature. After three additional washes with TBST, signal detection was performed using NBT/BCIP substrate until
purple spots became visible. The reaction was terminated by rinsing the membrane with distilled water. Pre-immune chicken

serum processed under identical conditions was used as a negative control."*

IgY Purification via Hydrophobic Interaction Chromatography (HIC)

IgY purification was further performed using hydrophobic interaction chromatography (HIC). Chromatography was
carried out using an XK16 column packed with 2 mL Butyl-Toyopearl 650M resin (Tosoh Bioscience), which was
equilibrated with a high-salt binding buffer consisting of 50 mM phosphate buffer containing 1.5 M ammonium sulfate
(pH 7.0).
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The dialyzed IgY fraction obtained from PEG precipitation was adjusted to 1.5 M ammonium sulfate and loaded onto
the column at a flow rate of 0.5 mL/min. Bound proteins were eluted using a linear decreasing ammonium sulfate
gradient (1.5 M to 0 M) prepared in phosphate buffer.

Protein elution was monitored continuously by measuring absorbance at 280 nm and conductivity. Fractions were
collected throughout the elution process and analyzed by SDS-PAGE. Fractions containing IgY were pooled and
subsequently concentrated using Amicon Ultra-15 centrifugal filter units with a 10 kDa molecular weight cut-off
(MWCO). Concentration was performed at 5,000 x g for 30 minutes at 4 °C. The resulting retentate was collected

and stored at —20 °C for further analysis. Operational parameters of the purification process are summarized in Table 1.

SDS-PAGE Analysis

SDS-PAGE analysis was performed to evaluate the purity and molecular weight of the isolated IgY. A 15% separating gel
and a 4% stacking gel were prepared according to standard protocols. Protein samples (30 uL) were mixed with 5 uL of
sample buffer containing -mercaptoethanol and heated at 95 °C for 5 minutes to denature the proteins. The samples
were then loaded into the gel wells together with a molecular weight protein marker.

Electrophoresis was carried out at a constant voltage of 100 V for approximately 90 minutes. After electrophoresis,
the gels were rinsed with distilled water and stained with Coomassie Brilliant Blue for 1-2 hours at room temperature
with gentle agitation. Destaining was performed using a decolorizing solution for 18—24 hours until clear protein bands
were observed.

Western Blot Analysis
Western blot analysis was performed to verify the specific binding of purified IgY to the Ag85B antigen. Recombinant
Ag85B-His and MPT64 (used as a control antigen) were separated by SDS-PAGE and transferred onto a nitrocellulose
membrane using an electroblotter at 100 V for 60 minutes. The membrane was blocked overnight at 4 °C with TBST
containing 5% (w/v) skim milk to prevent non-specific binding. The membrane was then incubated with purified chicken
anti-Ag85B IgY (1:1000 dilution) for 2 hours at room temperature, followed by three washes with TBST.
Subsequently, the membrane was incubated with alkaline phosphatase (AP)-conjugated rabbit anti-chicken IgY
secondary antibody (1:1000 dilution) for 2 hours at room temperature. After three additional washes with TBST,
immunoreactive bands were visualized using BCIP/NBT substrate. The reaction was allowed to proceed for approxi-
mately 5 minutes until purple bands appeared, then stopped by rinsing the membrane with distilled water.'*

Table | Operational Parameters for the Anti-Ag85b Purification

Setting Value
Column volume 6.000 CV
Flow rate 1.0 mL/min
Equilibration volume 3.00 CV
Sample volume 1.00 mL
Wash column with 5.00 Cv
Initial elution concentration (% buffer B) 0.0%B
Elution fixed fractionation volume 1.0 mL
Target B concentration for elution segment 100.0 mL
Volume of elution gradient segment 7.0 mL
Equilibration volume 1.00 CV
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Synthesis of Gold Nanoparticles and Conjugation with Purified Anti-Ag85B IgY

Gold nanoparticles (AuNPs) were synthesized using the citrate reduction method adapted from Turkevich and subsequent
modifications. Briefly, HAuCl4 solution was heated under constant stirring, followed by rapid addition of sodium citrate
until formation of a wine-red AuNP colloid was observed. The pH of the colloid was adjusted to pH 7.4 prior to
conjugation.

For conjugation, purified anti-Ag85B IgY was mixed with the AuNP colloid and incubated at room temperature to
facilitate adsorption-based conjugation. The mixture was subsequently centrifuged, and the resulting pellet was resus-
pended in BSA-containing buffer, followed by stabilization using conjugate diluent solution. The resulting AuNP-IgY
conjugate was then used as the detection reagent in the prototype membrane-based strip assay.

Proof-of-Concept Strip Assay

A prototype strip assay was constructed to demonstrate the functional applicability of the purified anti-Ag85B IgY in
a membrane-based detection format. Anti-Ag85B IgY (1 mg/mL) and goat anti-chicken IgY (1 mg/mL) were immobi-
lized onto a membrane pad to serve as the test and control zones, respectively. Following deposition, the membrane was
dried at 37 °C for approximately 2 hours. The dried membrane was then laminated onto a PVC backing card and
integrated with an absorbent pad.

The conjugate mixture was prepared with an appropriate conjugate diluent and applied to the conjugate pad, which
was then dried overnight at 37 °C. The dried conjugate pad was then assembled onto the PVC backing card together with
the sample pad. To demonstrate antigen recognition in the strip format, the assembled strip was tested with a running
buffer comprising phosphate-buffered saline (PBS) supplemented with 1% Tween-20, 1% bovine serum albumin (BSA),
and 1% casein, containing 7.5 pL of Ag85B protein (0.1 mg/mL). The solution was allowed to migrate via capillary
action for approximately 15 minutes, after which the appearance of visible spots at the test and control zones was visually
recorded. This experiment was intended as a preliminary proof of concept to verify that the purified IgY retained its
functional antigen-recognition capability when integrated into a membrane-based assay format.

Data Analysis

Statistical analyses were performed using SPSS software (version 16.0, IBM Corp., USA). Data are presented as mean +
standard deviation (SD). Differences between groups were analyzed using a Student’s #-test. A p-value < 0.05 was
considered statistically significant. All extraction and purification experiments were performed using independently
collected egg samples obtained during each booster period. Statistical comparisons were based on replicate measure-
ments obtained from independent experimental preparations.

Results

Validation of Immune Response and IgY Transfer into Egg Yolk

The immune response of Gallus gallus domesticus following immunization with recombinant Ag85B was monitored
using AGPT and dot blot assays to evaluate antibody production and its transfer into egg yolk. The AGPT results are
presented in Figure 1, while dot blot reactivity and IgY concentrations during successive booster immunizations are
summarized in Table 2. No antibody signal was detected during the pre-immunization stage, primary immunization, or
the first two booster injections. Antibody reactivity first appeared at Booster 3, indicating successful seroconversion and
the onset of IgY accumulation in egg yolk.

The antibody concentration increased further at Booster 4 (27.02 + 4.41 mg/mL) and showed moderate fluctuations
during subsequent booster cycles. The peak antibody concentration of 42.68 + 0.51 mg/mL was achieved following the
11th booster, marking the highest accumulation of anti-Ag85B IgY observed (Table 2). The presence of antibodies in
both serum and egg yolk confirms the efficient transfer of systemic IgY into developing oocytes, enabling non-invasive
antibody harvesting through egg collection. The observed increase in IgY concentration during successive booster
immunizations demonstrated progressive accumulation of antibody in egg yolk over the course of the study, enabling
subsequent purification and functional characterization.
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Figure | Agar gel precipitation test (AGPT) showing antibody response in chicken serum following Ag85B immunization.
Notes: The black arrow indicates the formation of a precipitin line, confirming the presence of a specific antibody. (A) Negative control, (B) Pre-immune, (C) Primary
immunization, (D) Booster |, (E) Booster 2, (F) Booster 3, (G) Booster 4.

Comparative Evaluation of Crude IgY Extraction Methods
The efficiency of crude IgY extraction from chicken egg yolk was compared using two commonly applied precipitation
approaches, namely stepwise polyethylene glycol (PEG 6000) precipitation and the NaCl-based water dilution method.
Quantitative protein analysis demonstrated a significantly higher protein recovery in the PEG-derived fraction compared with
the NaCl method (p =0.00000428), as summarized in Table 3. Both procedures started with an identical crude egg yolk protein
concentration of 29.28 + 0.02 mg/mL. After purification, the PEG dialysis fraction retained a high protein concentration of
28.57 + 0.10 mg/mL, whereas the NaCl extraction yielded a substantially lower final concentration of 14.54 + 0.70 mg/mL.
The SDS-PAGE profile further supported these findings (Figure 2). Distinct protein bands corresponding to the IgY
heavy chain (~65 kDa) and light chain (~25 kDa) were observed across several extraction stages. The dialysis fraction
obtained from the PEG method (Lane F) and the final NaCl fraction (Lane J) both displayed these characteristic IgY
bands, confirming successful IgY isolation. However, the PEG-derived fraction exhibited stronger band intensity,
consistent with the higher protein concentration measured in the quantitative analysis.
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Table 2 Development of Anti-Ag85B IgY in Chicken Serum
and Egg Yolk During the Immunization Schedule

Booster IgY Concentration (mg/mL)
Pre-immunization Not detected
Primary immunization Not detected
1 Not detected
2 Not detected
3 25.11 £ 1.15
4 27.02 + 44|
5 891 + 0.0l
6 5.10 £ 0.02
7 15.93 + 0.27
8 23.52 +2.17
9 16.59 + 0.18
10 28.57 £ 0.10
11 42.68 £ 0.51

Notes: Dot blot signals represent qualitative antibody reactivity, while IgY
concentration values are presented as mean * SD.
Abbreviations: IgY, Inmunoglobulin-Y; mg, milligram; mL, mililiter.

Table 3 Comparison of Protein Recovery from Chicken Egg Yolk Using PEG Precipitation and NaCl Extraction Methods

Extraction (Solvent) Name of Fractions Protein Concentration p-value
(mg mL™")
PEG Chicken egg yolk (Crude) 29.28 £ 0.02 p= 0.00000428
3.5% PEG 6000 Supernatant 1144 + 007 (Dialysis fraction vs final solution)
8.5% PEG 6000 Precipitate/resuspension 6.53 =+ 0.05
12% PEG 6000 precipitate .11 £ 0.09
Dialysis fraction 28.57 £ 0.10
NaCl Chicken egg yolk (Crude) 29.28 + 0.02
Water soluble fraction (pH 5.0) 5.55 = 0.01
Acidified fraction before stirring (pH 4.0) 691 £0.16
Solution after stirring (pH 4.0) 3.80 £ 0.05
Final Solution (pH 7.0) 14.54 £ 0.70

Notes: Statistical comparison was performed between the PEG dialysis fraction and the NaCl final extraction fraction using Student’s t-test.
Abbreviations: mg, milligram; mL, mililiter; PEG, polyethylene glycol; pH, Potential of Hydrogen.

Purification of Anti-Ag85B IgY Using Hydrophobic Interaction Chromatography
Following crude extraction, the egg yolk protein extract was subjected to hydrophobic interaction chromatography (HIC) to
further isolate anti-Ag85B IgY from remaining yolk proteins. Prior quantitative analysis indicated that the PEG precipitation
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Figure 2 SDS-PAGE profile of IgY extraction from chicken egg yolk using PEG and NaCl precipitation methods.

Notes: (A) Protein marker (10-180 kDa). (B) Chicken egg yolk (crude). (C) 3.5% PEG 6000 Supernatant. (D) 8.5% PEG 6000 precipitate/resuspension. (E) 12% PEG 6000
precipitate/resuspension. (F) Dialysis fraction. (G) Water-soluble fraction after pH adjustment (pH 5.0). (H) Solution before stirring (pH 4.0). (I) Solution after stirring (pH
4.0). (J) Final solution (pH 7.0). The red boxes indicate the characteristic IgY heavy chain (~65 kDa) and light chain (~25 kDa) bands observed during the extraction process.

method preserved a higher protein concentration (28.57 mg/mL) than the NaCl-based extraction (14.54 mg/mL), while both
methods started from the same crude protein concentration (29.28 mg/mL).

The partially purified extract was subsequently applied to the HIC column for further separation based on hydro-
phobic interactions. As shown in Figure 3, the chromatographic profile exhibited a distinct dominant peak corresponding
to the IgY-containing fraction, indicating efficient separation from other egg yolk proteins.

The purity of the collected fractions was evaluated by SDS-PAGE (Figure 4). The electrophoretic profile illustrates
the purification progression from the crude extract (Lane C) to the concentrated purified fraction (Lane H). Prominent
bands migrating at approximately 65 kDa and 25 kDa correspond to the heavy and light chains of IgY, respectively. The
presence of these characteristic bands in the final concentrated fraction confirms successful purification and recovery of
anti-Ag85B IgY.

Specificity and Immunoreactivity of Purified Anti-Ag85B IgY

The antigen-binding specificity of the purified anti-Ag85B IgY was evaluated by Western blot analysis using recombi-
nant Ag85B-His as the target antigen and MPT64 as a non-target control protein. Antibody reactivity was examined
across three stages of antibody production: chicken serum, crude egg yolk extract, and purified IgY (Figure 5). Distinct
immunoreactive bands migrating at approximately 40 kDa were observed exclusively in lanes containing Ag85B-His
(Lanes 2A—C), confirming the specific recognition of the target antigen. In contrast, no detectable signal was observed in
lanes containing the non-target antigen MPT64 (Lanes 1A—C), indicating no cross-reactivity. Importantly, the purified
IgY fraction retained a comparable immunoreactive signal to that observed in serum and crude egg yolk extracts. This
result indicates that the purification procedure successfully enriched anti-Ag85B IgY without compromising its antigen-
binding activity.

Proof-of-Concept Strip Assay for Ag85B Detection

A prototype membrane-based strip assay was developed to assess the utility of purified anti-Ag85B IgY for antigen
detection. In this format, anti-Ag85B IgY was immobilized at the test spot, while anti-chicken IgY was applied at the
control spot. Gold nanoparticle-conjugated anti-Ag85B IgY served as the detection reagent (Figure 6). In the negative
control samples (Groups Al and A2), where Ag85B antigen was absent, a red signal appeared only at the control spot.
This result confirms proper migration of the conjugate and successful capture by immobilized anti-chicken IgY. In
contrast, samples containing Ag85B protein (Groups B1 and B2) produced distinct red signals at both the control and test
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Figure 3 Hydrophobic interaction chromatography (HIC) chromatogram showing purification of IgY from chicken egg yolk extract.
Notes: Blue line: UV, Pink line: Gradient concentration, IgY: Target protein.
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Figure 4 SDS-PAGE analysis showing purification of anti-Ag85B IgY following hydrophobic interaction chromatography.

Notes: Lane designations are as follows: (A) Protein standard marker; (B—C) Crude chicken egg yolk extract; (D-E) Unbound protein fractions; (F) Purified IgY fraction;
(G) Column regeneration fraction; (H) Concentrated purified IgY; and (1) Filtration flow-through. The red boxes indicate the characteristic IgY heavy chain (~65 kDa) and
light chain (~25 kDa) bands observed after hydrophobic interaction chromatography purification.
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Figure 5 Western blot analysis demonstrating the specificity of anti-Ag85B IgY against recombinant Ag85B-His and the non-target antigen MPTé4.

Notes: The black arrow indicates the specific Ag85B-His protein band. (A) Chicken serum, (B) Crude egg yolk extract, and (C) Purified anti-Ag85B IgY. Lane configurations
are as follows: Lanes | (A and C) contain the negative control protein (MPT64); Lanes 2 (A and C) contain the target antigen (Ag85B-His); and Lanes M (A and C) contain
protein molecular weight markers.
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Figure 6 Proof-of-concept strip assay for Ag85B detection using gold nanoparticle-conjugated anti-Ag85B IgY.

Notes: (A) Negative Control: Strips | and 2 (without Ag85B protein) exhibit only the Control Spot (I mg/mL anti-chicken IgY), confirming assay validity and reagent
functionality in the absence of the target analyte. (B) Positive Result: Strips | and 2, containing the test sample with 10 pg/mL Ag85B protein, display both the Control Spot
(I mg/mL anti-chicken IgY) and Test Spot (I mg/mL anti-Ag85B IgY), indicating detection of the target analyte. Numerical labels (I, 2) denote independent replicates,
demonstrating the consistency and reproducibility of the assay across both conditions.

spots. The appearance of the test signal indicates the successful formation and capture of the Ag85B—IgY complex on the
membrane. These results demonstrate that the purified anti-Ag85B IgY retained functional antigen-recognition capability
after purification and could be integrated into a preliminary membrane-based strip format as a proof-of-concept

immunodetection system.

Discussion

The development of reliable antibody reagents is a critical component in improving antigen-based tuberculosis (TB)
diagnostic assays. Among the secreted proteins of M. tuberculosis, antigen 85B (Ag85B) is one of the most immunodominant
antigens and has been widely investigated as a diagnostic target. However, to date, the generation and purification of Ag85B-
specific IgY antibodies from chicken egg yolk have not been systematically reported. In this study, we established an
integrated workflow to produce and purify anti-Ag85B IgY from Gallus gallus domesticus eggs. By combining controlled
immunization, comparative extraction approaches, and hydrophobic interaction chromatography (HIC), we successfully

Infection and Drug Resistance 2026:19 heeps: 11



Kusmiati et al

obtained purified IgY with preserved structural integrity and antigen-recognition capability. These findings demonstrate that
egg-derived IgY can serve as a scalable antibody source for the future development of membrane-based immunodetection
systems targeting tuberculosis-associated antigens.

Comparative Evaluation of PEG and NaCl Methods for IgY Extraction

The initial isolation of IgY from chicken egg yolk is complicated by the high lipid content (approx. 30%) of the yolk,
which can interfere with downstream purification and assay performance.”'> Our comparative analysis of PEG pre-
cipitation and the NaCl-based water dilution extraction method adapted from previous IgY purification studies demon-
strated improved protein recovery using PEG precipitation for this specific application.”

While both methods initially yielded comparable protein concentrations in the first fraction (29.28 mg/mL), the
divergence in subsequent fractions was marked. The PEG method maintained a robust protein concentration throughout
the process, yielding a final concentration of 28.57 mg/mL, nearly double the 14.54 mg/mL obtained with the NaCl
method."”

This discrepancy can be attributed to the distinct physicochemical mechanisms of each agent. PEG, a non-ionic
water-soluble polymer, functions through a steric exclusion mechanism.'® It reorganizes the water structure around
protein molecules, effectively forcing proteins out of the solution into a precipitate without disrupting their tertiary
structure. This gentle precipitation is particularly effective in lipid-rich environments such as egg yolk, as PEG also aids
delipidation by preferentially precipitating high-molecular-weight proteins (immunoglobulins) while leaving lipids and
smaller contaminants in the supernatant.'’'®

In contrast, the NaCl method relies on the salting-out effect, where high ionic strength competes with proteins for
solvation.” While effective for general bulk extraction, our data suggests that the NaCl method suffered from significant
losses during the multi-step fractionation, possibly due to co-precipitation of IgY with lipid aggregates or incomplete
recovery during centrifugation steps. Consequently, the stepwise PEG precipitation protocol established in this study
provides a more efficient and reproducible approach for IgY recovery from egg yolk and represents a suitable upstream

step before chromatographic purification.'**

Purification of Anti-Ag85B IgY Using Hydrophobic Interaction Chromatography

While PEG precipitation provides a good crude yield, it does not yield a product sufficiently pure for sensitive clinical
immunoassays, as residual yolk proteins may generate background signals during antigen detection."**! To improve
antibody purity, the PEG-precipitated fraction was further subjected to hydrophobic interaction chromatography (HIC).?
Other chromatographic approaches, including thiophilic adsorption chromatography and affinity-based purification, have
also been reported for IgY purification with good selectivity. However, HIC was selected in the present study because it
operates under relatively mild purification conditions and is compatible with the lipid-rich characteristics of egg yolk-
derived protein extracts.

The chromatographic profile obtained from HIC (Figure 3) displayed a distinct and well-resolved peak corresponding
to the IgY-containing fraction, indicating effective separation of IgY from other yolk proteins based on differences in
surface hydrophobicity. Unlike affinity chromatography, which frequently employs low-pH elution buffers that may
partially affect antibody stability, HIC operates under relatively mild conditions using a decreasing salt gradient, thereby
helping preserve the native conformation of antibodies during purification.?'-**

The presence of purified IgY was subsequently confirmed by SDS-PAGE analysis through the detection of char-
acteristic heavy and light chain band profiles (Figure 4). The final concentrated fraction (Lane H) revealed two prominent
bands at approximately 65 kDa and 25 kDa, corresponding to the heavy and light chains of the avian IgY molecule.**
Compared with the crude egg yolk extract (Lane C), which exhibited multiple protein bands and diffuse background
patterns, the purified fraction displayed a markedly cleaner electrophoretic profile. This transition from complex crude
protein patterns to distinct IgY bands demonstrates that the combined PEG-HIC purification workflow effectively

removes non-target yolk proteins and improves the overall purity of the IgY preparation.'>!?%3
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Specificity and Immunoreactivity of Purified Anti-Ag85B IgY

The success of antibody production in this study was evaluated not only by protein purification but also by the functional
specificity of the resulting IgY. Antigen 85B (Ag85B) is one of the major secreted proteins of M. tuberculosis and is
highly immunogenic.?®?” However, cross-reactivity with other mycobacterial proteins remains a challenge in tubercu-
losis serological assays, potentially reducing diagnostic specificity.*®

Western blot analysis (Figure 5) confirmed the specificity of the anti-Ag85B IgY produced in this study.'* The
antibody consistently recognized the recombinant Ag85B-His antigen, producing a distinct immunoreactive band at
approximately 40 kDa across all evaluated stages of antibody production, including chicken serum, crude egg yolk
extract, and the purified IgY fraction. In contrast, no detectable signal was observed when the membrane was probed
against the non-target antigen MPT64, another secreted protein of M. tuberculosis used as a specificity control.>> The
absence of detectable binding to MPT64 suggests that the generated IgY exhibits high antigen specificity toward Ag85B.
This level of specificity is particularly important for diagnostic applications. In immunoassay platforms such as lateral
flow assays (LFA) or enzyme-linked immunosorbent assays (ELISA), antibody cross-reactivity may lead to false-positive
results and compromise diagnostic accuracy.>*’ Therefore, the ability of the produced IgY to selectively recognize
Ag85B while discriminating against other secreted mycobacterial proteins represents a favorable characteristic for future
TB diagnostic development.

Furthermore, the Western blot results also indicate that the purification workflow did not compromise antibody
functionality. The comparable signal intensity observed between the purified IgY fraction and earlier antibody sources
suggests that the PEG-HIC purification process preserved the antibody’s antigen-binding capability.”*>° This observation
is consistent with previous reports indicating that IgY antibodies generally maintain structural stability due to their rigid
molecular structure and the absence of a hinge region, which may contribute to improved resistance to environmental and
chemical stresses compared with mammalian 1gG.>""

Proof-of-Concept Strip Assay for Ag85B Detection

A prototype membrane strip assay was developed to assess whether the purified anti-Ag85B IgY retained its antigen-recognition
capability when incorporated into a membrane-based detection system. The assay successfully generated detectable signals for
Ag85B at a concentration of 10 pg/mL, indicating that the purified antibody retained antigen-recognition capability following
purification, AuNP conjugation, and incorporation into the membrane-based detection format.

Although this sensitivity does not yet represent a fully optimized diagnostic platform, the result confirms the
feasibility of using purified IgY for membrane-based antigen detection. Circulating TB antigens, including Ag85B,
have been reported in clinical samples such as serum and urine at concentrations ranging from micrograms to picograms,
depending on disease stage and sample type.®' Therefore, further optimization of assay sensitivity will be required before
clinical diagnostic implementation.

The appearance of distinct red chromogenic signals at both the test and control zones confirmed successful
conjugation of purified IgY with gold nanoparticles (AuNPs) and its functional interaction with the immobilized capture
components on the nitrocellulose membrane. The chemical environment of the assay also contributed to the formation of
a clear signal. The inclusion of 1% Tween-20 as a non-ionic surfactant, together with blocking agents such as bovine
serum albumin (BSA) and casein, helped minimize non-specific hydrophobic interactions and electrostatic interference.
Similar blocking strategies are widely applied in membrane-based immunoassays to suppress background signals and
improve signal clarity.>***

These observations indicate that the purified anti-Ag85B IgY maintained structural stability and antigen-binding
capability despite the chemical and mechanical processes involved in nanoparticle conjugation and membrane immobi-
lization. Compared with mammalian IgG, which may undergo conformational changes at solid—liquid interfaces in lateral
flow systems, the more rigid structural architecture of IgY and the absence of a hinge region may contribute to improved
molecular stability.'®** Together with the absence of detectable cross-reactivity with MPT64, these findings support the
potential use of purified IgY as a promising antibody component for the future development of membrane-based
tuberculosis diagnostic assays.>
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Advantages of IgY Antibodies for Tuberculosis Diagnostics

The use of IgY technology offers several advantages over conventional mammalian antibody production systems. One
important factor is the large phylogenetic distance between avian species and mammals, which often results in stronger
immune responses against conserved mammalian or bacterial proteins.'**® This evolutionary divergence can enhance the
recognition of antigenic epitopes that may be poorly immunogenic in traditional mammalian hosts such as mice or
rabbits.?'** In the context of this study, the strong and specific immune response generated against Ag85B supports the
suitability of chickens as an effective host for producing diagnostic antibodies targeting M. tuberculosis antigens.

In addition to improved immunogenicity, IgY antibodies present important analytical advantages in diagnostic applications.
Unlike mammalian immunoglobulins, the Fc region of IgY does not interact with Rheumatoid Factor (RF) or Human Anti-
Mouse Antibodies (HAMA), which are common sources of assay interference in human immunoassays.>** This structural
difference may contribute to improved signal specificity and reduced false-positive reactions in immunodiagnostic platforms.

Furthermore, IgY production offers clear ethical and economic benefits. Antibodies can be obtained non-invasively
from egg yolk, aligning with the 3Rs principles (Replacement, Reduction, and Refinement) by avoiding repeated animal
bleeding.*® A single laying hen can produce approximately 100 mg of IgY per egg yolk, allowing continuous antibody
collection with minimal animal stress. This production capacity makes IgY an attractive and scalable option for the
development of affordable diagnostic reagents, particularly for high-burden tuberculosis regions such as Indonesia.?’’

Although the present study remains at the proof-of-concept stage, the development of IgY-based membrane immu-
nodetection platforms may offer potential advantages for future tuberculosis screening approaches, particularly in
resource-limited settings where rapid, low-cost, and user-friendly diagnostic tools are needed. In the broader context
of evolving near-point-of-care tuberculosis diagnostics, further optimization of assay sensitivity, specificity, and valida-
tion using clinical specimens will be necessary before practical diagnostic implementation can be considered.
Comparative evaluation with existing antigen- and molecular-based rapid diagnostic methods may also help define the
future applicability and positioning of this platform within tuberculosis diagnostic workflows.

Limitations and Future Directions

While this study successfully established a scalable purification workflow for anti-Ag85B IgY and demonstrated its
functional utility in a prototype membrane-based strip assay, several limitations should be acknowledged. First, although
the produced IgY showed high specificity against the non-target antigen MPT64, broader cross-reactivity evaluation
against additional non-tuberculous mycobacteria (NTM) species and other respiratory pathogens is still required to
further confirm diagnostic specificity. Second, the long-term stability and shelf-life of the purified IgY, either in liquid or
lyophilized form, remain to be systematically evaluated. Such stability studies are particularly important for diagnostic
reagents intended for use in tropical and high-humidity environments where tuberculosis burden remains high. In
addition, Ag85B itself has several recognized diagnostic limitations, including its inability to distinguish between
vaccinated, exposed, and actively infected individuals, as well as potential limitations in immunocompromised patients
with impaired T-cell responses. Therefore, the present study should be interpreted primarily as a proof-of-concept
investigation focused on the production, purification, and preliminary membrane-based application of anti-Ag85B IgY
rather than as a clinically validated tuberculosis diagnostic platform.

Building upon the detectable signal obtained at 10 ug/mL in the prototype strip assay, future work should focus on
improving analytical sensitivity and translating this laboratory prototype into a standardized lateral flow immunoassay
(LFIA) platform. Further validation using clinically relevant matrices, including sputum, serum, or urine from patients
with confirmed tuberculosis, will be necessary to determine the system’s diagnostic sensitivity and specificity under real-
world conditions. In addition, field-based evaluation in resource-limited settings will be important to assess the practical
feasibility of implementing IgY-based diagnostic tools as affordable point-of-care solutions for tuberculosis detection.

Conclusion
In summary, this study demonstrates that stepwise polyethylene glycol (PEG) precipitation followed by hydrophobic
interaction chromatography (HIC) provides an effective strategy for isolating anti-Ag85B IgY from chicken egg yolk.
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The purification workflow successfully reduced egg yolk contaminants while preserving the characteristic IgY band
profile and antigen-recognition capability, resulting in a highly enriched IgY preparation.

The functionality of the purified antibody was further demonstrated using a prototype membrane-based strip assay,
which produced clear visual signals in both the test and control zones upon exposure to Ag85B at 10 pg/mL. These
findings indicate that the purified IgY retained specific antigen-binding capability after extraction, purification, and
integration into a membrane-based detection format.

Overall, this study provides a practical framework for producing and purifying Ag85B-specific IgY and demonstrates
its preliminary applicability in a proof-of-concept membrane-based immunodetection system. Further analytical optimi-
zation, broader specificity evaluation, and clinical validation will be necessary before implementation as a tuberculosis
diagnostic platform.
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